We present evidence for two populations of quasars showing distinctly different broad line structure and kinematics. The first evidence for quasar dichotomy involve differences between radio-quiet and radio-loud sources. We proposed an alternate population A-B dichotomy based on optical, UV and X-ray spectroscopic properties. One of these populations (Pop. A: FWHM Hβ < 4000 km s −1 ) is largely radio-quiet, while Pop. B (FWHM Hβ > 4000 km s −1 ) includes most radio-loud sources and a significant number of spectroscopically indistinguishable (as far as the low-ionization lines are concerned) radio-quiet sources. Comparison of multiwavelength measures for population A and B sources reveals more/larger differences than are found between radioquiet and radio-loud sources leading us to conclude that the population A-B distinction is more fundamental. The major physical driver of these differences is likely the Eddington ratio where the Pop. A sources show log L/L Edd = 0.2-1.0, and the Pop. B sources show log L/L Edd = 0.01-0.2 (for black hole masses log M BH ≈ 8.5).
INTRODUCTION
Almost since their discovery in the early 1960s there has been debate about the uniqueness or singularity of the quasar population. This is because quasars were discovered from improved radio observations that revealed stellar appearing sources with unprecedented levels of radio emission. These objects were called quasi-stellar radio sources or quasars. One of the first lists of known sources (Burbidge 1967) was dominated by such radio-loud (RL) quasars. However, rather quickly it was realized (e.g., Sandage 1965 ) that radio-quiet (RQ) analogs also exist in significant numbers. These radio-quiet quasars were not just weaker radio sources but completely radio silent beyond the emission that could be expected from star death (i.e., the famous radio-FIR correlation: Kukula et al. 1998) in the host galaxy. Some, maybe many, of radio-quiet objects show very small nu-clear jets and lobes but they are orders of magnitude weaker than in the weakest radio-loud quasars. The growth of the radio-quiet quasar population (only about 8% of quasars are radio-loud) fueled the issue of a dichotomy between RL and RQ quasars. Many discussions were focused on two questions: (1) if a real dichotomy exists in the observational parameter spaces (Zamfir et al. 2008) , and (2) what might be the underlying physical cause of the difference (e.g., Kukula 2003; Volonteri et al. 2007; Sikora et al. 2007) . Fig. 1 . The 4DE1 optical plane. The ordinate is FWHM of Hβ, the abscissa is RFeII, defined as the intensity (or equivalent width) ratio between the Fe II blend centered at λ4570 and the Hβ line. Parameters of Hβ are measured after the narrow component subtraction. Open circles -FR II quasars; filled squares -core-dominated RL quasars; grey circles -RQ quasars.
EIGENVECTOR ANALYSIS
The 1990s saw the rise of eigenvector studies of quasars (e.g., Boroson & Green 1992) benefiting from improved spectroscopic data. One could parameterize the spectra in more detail and use the principal component analysis (PCA) techniques to identify the principal correlations and anti-correlations involving the measured quasar data. While all quasar spectra may look alike at S/N ≈ 5, one finds a striking diversity at S/N ≈ 20. We proposed a four-dimensional parameter space (4D eigenvector 1, 4DE1) as a surrogate H-R diagram in an effort to unify quasar diversity (Sulentic et al. 2000a,b) . Extra parameter space dimensions were included (above the two needed for the stellar H-R diagram) in an effort to break the degeneracy between physics and line-of-sight orientation as drivers of spectral 
1. Sulentic et al. 2000a; 2. Collin et al. 2006; 3. Sulentic et al. 2007 ; 4. Baskin & Laor 2005; 5. Wang et al. 1996 6. Veron-Cetty et al. 2001 7. Marziani et al. 2003; 8. Peterson et al. 2004; 9. Sulentic et al. 2002; 10. Marziani et al. 2001; 11. Wills et al. 1999; 12. Turner et al. 1999 13. Grupe et al. 2001 14. Giveon et al. 1999; 15. Zamfir et al. 2008; 16. Reichard et al. 2003; 17. Sulentic et al. 2006. diversity. We chose four parameters that were easily and reliably obtainable for many sources and that show large intrinsic dispersion within the quasar population. Figure 1 shows the optical plane of this 4DE1 parameter space involving measures of FWHM Hβ and the ratio (R Fe II ) of the equivalent widths of Fe II λ4570 blend and of the broad Hβ line for a low-redshift sample (z < 0.7). The FWHM Hβ is a measure of the velocity dispersion in low ionization line emitting clouds, where the Fe II lines also likely arise. FWHM Hβ is also widely used as a virial estimator. The R Fe II can be mainly interpreted in terms of physical conditions of the emitting gas (density, ionization, column density and metallicity). Figure 1 shows the distribution of these measures for the 450 brightest (g < 17.0) quasars in the SDSS DR5 sample. The grey dots represent the RQ majority, the squares are core-dominated RL sources and the circles are lobe-dominated RL sources.
TWO POPULATIONS
Sources show a rather banana-like distribution in Figure 1 with RL sources strongly preferring the upper left part of the distribution. A 2D K-S test strongly rejects the hypothesis that RQ and RL sources arise from the same parent popula- tion. The FWHM boundary maximizing the RQ-RL separation is approximately at FWHM Hβ = 4000 km s −1 . We adopt this as a tentative boundary between population A and B quasars. Table 1 compares mean/median parameter values for the two populations including the derived physical properties. In the context of 4DE1 we can describe Pop. A sources as RQ quasars showing moderate/strong Fe II emission, a systematic blue shift/asymmetry of high ionization lines (like C IV λ1549) and a soft X-ray excess.
The Narrow-Line Seyfert 1 (NLSy1) sources are found within the Pop. A domain showing the narrowest observed FWHM Hβ values (≤ 2000 km/s). We suggest that the population A-B division at or near FWHM Hβ = 4000 km/s is more fundamental than the 2000 km/s value used to divide NLSy1 from broader line sources. Comparisons of source properties on either side of 4000 km/s show a much sharper difference in the observed and physical properties. Table 1 lists other parameters which also show differences between the two populations. The differences are well seen in Figure 2 where two 4DE1 correlation diagrams are plotted. Figure 2a (left) shows a correlation between FWHM Hβ and the centroid shift of C IV at FWHM: the Pop. A tendency to show a C IV blueshift and the Pop. B tendency to show no shift can be clearly seen. Figure 2b (right) plots the C IV shift vs. the soft X-ray photon index. Here a correlation is seen only for the Pop. A sources. A soft X-ray excess occurs in sources with the largest C IV blueshifts. Pop. B sources appear to cluster around zero C IV shift and Γ S ≈ 2.4. Consequently, all of them show the same C IV (no blueshift) and soft X-ray (none) properties.
Another striking difference between population A and B sources involves the Balmer line profiles as best characterized by Hβ. Profile shape is ill-defined except for the few hundred brightest quasars. In the case of Hβ one requires high S/N spectra in order to accurately model the Hβ profile, often in the presence of a strong Sulentic et al. 2003) . Median composite Hβ spectra are shown in the next figure for two marked bins (A2 and B1). In the region marked "Outliers" only a few outlying points are located, it is almost empty at low luminosities. Fe II emission. One must also identify the number of significant components in the Hβ profile itself (2 for Pop. A and 3 for Pop. B). In order to generate very high S/N Hβ profiles we bin the 4DE1 parameter space shown in Figure 1 . Then we generate the median composite spectra of the Hβ region. These S/N = 150-200 spectra then can be modeled and compared. Figure 3 shows our binning of the 4DE1 optical plane. Figure 4 shows the median composite spectra for bins A2 and B1 which yield the Hβ line profiles of the highest S/N. Bin A2 shows the Hβ profile well modeled by a Lorentz function while bin B1 requires a double Gaussian in order to model Hβ adequately.
In other words, Pop. B sources show the second very-broad and redshifted component which is not seen in Pop. A sources. There are several reasons why we interpret this very-broad component as a separate line component rather than a red extension or wing of unshifted broad Hβ line: (1) we see an inflection between the components in high S/N spectra, (2) a few sources like PG 1416-129 (Sulentic et al. 2000c) indicate that the two components respond differently to the continuum variations (the very-broad component is less sensitive: Figure 5 shows different response of broad and very-broad components [BC and VBC] in PG 1416-129), and (3) a subsample of Pop. B sources shows an essentially pure VBC Hβ profile. An example of an almost pure VBC Hβ profile (3C110) can be found in Marziani et al. (2010) .
The RQ majority of quasars define the elongated distribution shown in Figure 1 . The RL minority population occupies only one end of this distribution. Could this overlap be accidental and the real dichotomy involve the RQ-RL distinction? Perhaps the strongest argument against this interpretation has just been presented in the preceding paragraphs. Hβ profiles for RL and RQ Pop. B sources are indistinguishable. Both show the extra VBC component. If Pop. B RQ sources were coincidentally co-spatial with RL sources in Figure 1 , then one might expect the characteristic Pop. A Lorentzian profiles to simply broaden for Pop. B RQ sources. Instead, they show the same extra VBC component as RL sources. This is not a proof that the population A-B distinction represents a stronger dichotomy than RQ-RL, but it certainly motivates us to continue exploration of such possibility. We have generated RQ and RL composite profiles using the large source population in bin B1. So far we found no convincing evidence for a difference. Table 1 also presents physical properties of populations A and B. Not surprisingly, inferred black hole masses for Pop. B sources are found to be larger by 1-2 dex than for Pop. A sources. Since there is no significant difference between the source luminosities for populations A and B, it is also not surprising that the Eddington ratios inferred for Pop. B sources are by 1-2 dex lower than for Pop. A sources. If the black hole masses grow by merger/accretion over the lifetime of a source, then these results imply that Pop. B sources are older in the sense that they have passed through multiple duty cycles of quasar activity. Pop. A quasars then represent the youngest quasars (Sulentic 2000a) . It is worthwhile to emphasize that the population A and B hypothesis is useful even if no real source dichotomy exists. Even if the source distribution in 4DE1 is continuous, it spans a large empirical (and physical) diversity. Therefore, populations A and B are useful at least to highlight these differences which must be accounted for in physical models.
